Background: Hepatocellular carcinoma (HCC) is a major cause of cancer mortality worldwide. The outcome of HCC depends mainly on its early diagnosis. To date, the performance of traditional biomarkers is unsatisfactory. Talins were firstly identified as cytoplasmic protein partners of integrins but Talin-1 appears to play a crucial role in cancer formation and progression. Our study was conducted to assess the diagnostic value of serum Talin-1 (TLN1) compared to the most feasible traditional biomarker alpha-fetoprotein (AFP) for the diagnosis of HCC. Methods: TLN1 was detected using enzyme linked immunosorbent assay (ELISA) in serum samples from 120 Egyptian subjects including 40 with HCC, 40 with liver cirrhosis (LC) and 40 healthy controls (HC). Results: ROC curve analysis was used to create a predictive model for TLN1 relative to AFP in HCC diagnosis. Serum levels of TLN1 in hepatocellular carcinoma patients were significantly higher compared to the other groups (p<0.0001). The diagnostic accuracy of TLN1 was higher than that of AFP regarding sensitivity, specificity, positive predictive value and negative predictive value in diagnosis of HCC. Conclusions: The present study showed for the first time that Talin-1 (TLN1) is a potential diagnostic marker for HCC, with a higher sensitivity and specificity compared to the traditional biomarker AFP.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common tumor and the third most common cause of cancer-related deaths worldwide (El-Serag, 2004; Ferlay et al., 2004) . In Egypt, the growing incidence of HCC, which is nearly doubled over the last decade (Hassan et al., 2001; El-Zayadi et al., 2005; Freedman et al., 2006) , is attributed to the highest prevalence of hepatitis C virus (HCV) all over the world, ranging from 6 to 28% (AbdelAziz et al., 2000; Khattab et al., 2010) . HCV increases HCC risk through promoting fibrosis, and finally leading to cirrhosis. HCC develops at an annual rate of 1-4%, when HCV-related cirrhosis is established (El-Serag and Rudolph, 2007) .
The incidence and mortality rates for HCC are nearly identical, indicating the overall poor survival of patients with this tumor. Therefore, the most effective treatment relies on the early diagnosis of hepatocellular carcinoma (Bruix and Sherman, 2005) .
Alterations in cell-cell adhesion molecules, protein kinases and phosphatases, integrin-associated signaling molecules, or apoptosis regulators can confer resistance to anoikis which is a form of programmed cell death and promote progression to metastasis (Liotta and Kohn, 2004) . Integrins constitute a family of transmembrane receptor proteins composed of heterodimeric complexes of noncovalently linked alpha and beta chains. They function in cell-to-cell and cell-to-extracellular matrix (ECM) adhesive interactions and transduce signals from the ECM to the cell interior and vice versa mediating the ECM influence on cell growth and differentiation. Since these properties implicate integrin involvement in cell migration, invasion, intra-and extra-vasation, and platelet interaction; a role for integrins in tumor growth and metastasis is obvious. These findings are underpinned by observations that integrins are linked to the actin cytoskeleton involving talin, vinculin, and alpha-actinin as intermediaries (Mizejewski, 1999) .
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Alpha-fetoprotein (AFP) is a serological marker currently available for the detection of hepatocellular carcinoma. Its poor sensitivity renders it unsatisfactory for this purpose and suggests an urgent need for novel biomarkers for early stage HCC detection (Teofanescu et al., 2010) .
Talin was the firstly identified cytoplasmic protein partner of integrins (Horwitz et al., 1986) . Vertebrates have two talin genes, TLN1 and TLN2, which encode Talin-1 and Talin-2, respectively. Talin-1 is essential for cell adhesion and motility and is the primary talin component of focal adhesions.
It has been shown that, TLN1 binds to the NPXY motif of the β integrin cytoplasmic domains, which can lead to activation of integrin and also affects cell adhesion, spreading and motility (Tadokoro et al., 2003; Zhang et al., 2008) . Furthermore, Talin expression is highly associated with endometrioid carcinoma (Slater et al., 2007) and prostate cancer (Sakamoto et al., 2010) .
Talin-1 is expressed mainly in the kidney, liver, spleen, stomach, lung and vascular smooth muscle and its overexpression can promote prostate cancer cell adhesion, migration and invasion (Tsujioka et al., 2004; Senetar and McCann, 2005; Senetar et al., 2007) . Recently Kanamori et al. (2011) identified Talin-1 by differential Tissue Proteome as a novel molecular marker for HCC progression. However, to our knowledge, its clinical validation as a serum marker for early diagnosis and prognosis of HCC patients has not been investigated.
Materials and Methods
Subjects and samples
One hundred twenty subjects were included in this study and classified into three groups: The first group included patients diagnosed with HCC (mean age±SEM, 51.13±1.216 years; male: female ratio, 1.3:1) at Liver and Endemic diseases department of Al-Kasr Al-Ainy educational hospital, Cairo, Egypt. Diagnosis of HCC was based on elevated AFP levels, the presence of hepatic focal lesion(s) detected by liver ultrasound and confirmed by computed tomography and/or magnetic resonance.
The second group included 40 patients with cirrhosis (mean age±SEM, 49.98±1.37 years; male: female ratio, 1.2:1). Diagnosis of cirrhosis was based on clinical, biochemical, ultrasonographic and/or histological criteria.
The last group included 40 healthy individuals served as control (mean age±SEM 48.55±1.53 years; male: female ratio, 1.2:1) were analyzed. Patients with rheumatoid arthritis, alcohol abuse, autoimmune liver diseases and active infection or other malignancies were not included.
Serum samples were collected, aliquoted, stored at -80°C and thawed at the time of assay. The study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration and all patients gave informed consent to participate in the present study.
Detection of HCV
All Serum samples had been screened for HCV using HCV one step test device which is a qualitative membrane based immunoassay for detection of antibodies to HCV in serum or plasma. The membrane is coated with recombinant HCV antigens on the test line region of the device which reacts specifically with HCV antibodies. Presence of a colored line indicates a positive result while its absence indicates a negative one (Abon Biopharm (Hangzhou) Co.Ltd China).
Detection of hepatitis B virus (HBV)
All serum samples had also been screened for HBV using one step Hepatitis B surface antigen (HBsAg) test device which is a qualitative membrane based immunoassay for the detection of HBsAgs in serum or plasma. The membrane is pre-coated with anti-HBsAg antibodies on the test line region of the device which reacts specifically with HBsAgs and generating a colored line. The presence of this colored line in the test region indicates a positive result while its absence indicates a negative one (Abon Biopharm (Hangzhou) Co.Ltd China).
Blood glucose level (BGL) screening
Random blood glucose levels (RBGL) were screened for all study subjects using commercially available digital glucometer (Bionime blood glucose monitoring system Rightest TM ).
Baseline characteristics
Serum alanine aminotransferase (ALT) (colorimetric), aspartate aminotransferase (AST) (colorimetric), Alkaline phosphatase (ALP) (colorimetric), gamma glutamyl transferase (GGT) (kinetic), total proteins (colorimetric), albumin (colorimetric) and total bilirubin (colorimetric) levels were determined using commercially available kits for all serum samples. The aspartate aminotransferase/ alanine aminotransferase (AST/ALT) ratio was calculated as (AST/ALT).
Determination of serum AFP
According to the manufacturer's directions, serum AFP levels were measured using the CALBIOTECH human AFP ELISA kits, which were purchased from Modern Egypt Co. Briefly, 25 µl of AFP standards, control and patient's sera were added to the plates pre-coated with AFP antibodies first, then 100 µl of AFP antibody conjugated to horseradish peroxidase were added to all wells, covered and incubated for 60 min at room temperature (18-26ºC). After 3 washes using automatic microplate washer (Stat Fax ® 2600), 100 µl of tetramethylbenzidine substrate solution were added to all wells, and incubated for 15 min at room temperature in dark, followed by the addition of 50 µl of stop solution. Absorbances were measured within 15 min after adding stop solution at 450 nm using Microplate reader (Sunrise TM Tecan Group Ltd.).
Determination of serum Talin-1
According to the manufacturer's directions, serum Talin-1 levels were measured using human Talin-1 ELISA kits (WKEA Med Supplies Corp, New York, Usa) which were purchased from Modern Egypt Co. Briefly, 50 µl of serially diluted standards, 5-fold diluted patient's sera (10µl serum: 40 µl sample diluents) were added to the plates pre-coated with Talin-1 antibodies first and incubated for 30 min at 37ºC. After five washes with the diluted buffer concentrate reagent using automatic microplate washer (Stat Fax ® 2600), 50 µl of Talin-1 antibody conjugated to horseradish peroxidase were added to all wells except blank wells. After incubation for 30 min at 37ºC and five washes, 50 µl of substrate A followed by 50 µl of substrate B were added to each well and incubated for 15 min at 37ºC followed by the addition of stop solution to each well. Absorbances were measured within 15 min after adding stop solution at 450 nm using microplate reader (Sunrise TM Tecan Group Ltd.).
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Statistical analysis
Statistical analyses were performed using Graph pad prism 5 software. Median, range, mean, standard deviation and standard error were used for descriptive statistics, as appropriate. Categorical variables were tested with Fisher's exact test or χ 2 test. Continuous variables were tested with Student t-test or analysis of variance (ANOVA test). Comparison of plasma or serum TLN1 levels and clinical characteristics among the three groups of subjects were analyzed using Kruskal-Wallis test (non-parametric ANOVA test), and Mann-Whitney U test (non-parametric student t test). All tests were two-tailed and statistical significance was assessed at the 0.05 level. Correlation between serum levels of TLN1 and other biochemical variables were analyzed using Spearman's correlation coefficient. Receiver operating characteristics (ROC) analysis was used to evaluate the diagnostic value of TLN1 and AFP to identify the optimal cut off values. Sensitivity and specificity, positive and negative predictive values of TLN1 and AFP were profiled by curves. The Statistical Package for the Social Sciences version 16 (SPSS, Inc., Chicago, IL, USA) was used for ROC curve. Table 1 shows the socio-demographic and clinical characteristics of all study groups expressed as the mean±SEM. Age, gender, body mass index (BMI), residence, showed no significant difference between groups. No significant difference were found considering smoking habit, incidence of diabetes mellitus (DM), hepatitis C Virus (HCV), hepatitis B virus (HBV) or both and ascitis between liver cirhosis (LC) and hepatocellular (HCC) groups. A significant difference has been shown among all studied groups with regard to measured liver function tests and tumor markers.
Results
Patient characteristics
Serum Talin-1 level in patients with HCC
Our results showed that, the median serum Talin-1 levels were significantly higher in the HCC group compared to LC and HC groups as determined by nonparametric Kruskal-Wallis test followed by Dunn's Multiple Comparison Test (p-value<0.0001) ( Figure.1) . Additionally, serum TLN1 levels were not significantly affected by sex differences in males vs. females of the same group, in HC (1.11±0.45vs1.08±0.49), LC (24.14±8.30vs. 8.80±2.23) and HCC (60.87±3.25vs. 62.65±3.93) at (p<0.05) using non-parametric Mann Whitney student t test.
Correlation between serum Talin-1 concentration and baseline characteristics within LC and HCC groups
No significant correlations have been found between serum levels of TLN1 with the other biochemical variables within LC and HCC groups (Table 2) . Except for a weak negative correlation between serum TLN1 and BMI, and a weak positive correlation between serum TLN1 and ALT enzyme activity within HCC group.
ROC curve analysis revealed a very high area under the curve (AUC) [equals 1] at a confidence interval 95% for serum TLN1, discriminating HCC patients from HC subjects and demonstrated absolute sensitivity and specificity of serum TLN1 in differentiating HCC patients from normal HC subjects (Figure 2 ). Furthermore as a diagnostic tool between HCC patients and LC patients, ROC curve analysis of serum TLN1 showed higher AUC (0.90) compared to that of AFP (0.67). Moreover AUC of seum TLN1 alone was higher than that of its combination with AFP (0.79) (Figure 3) . Table 3 shows sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of serum Talin-l, AFP and combination of both in hepatocellular carcinoma (HCC) patients relative to the liver cirrhosis (LC) group.
Performance of biomarkers
Discussion
Liver cancer (LC) is the sixth most common cancer worldwide and the third most common cause of cancer mortality, with more than 500,000 deaths annually (Parkin et al., 2001; . Hepatocellular carcinoma (HCC), is rarely detected early and is usually fatal within a few months of diagnosis (Thomas and Zhu, 2005) .
A recently published study indicated that the incidence rates of HCC had been tripled in the United States from 1975 through 2005 (Altekruse et al., 2009) . In Egypt HCC incidence rates have been doubled over the last ten years (Hassan et al., 2001; El-Zayadi et al., 2005; Freedman et al., 2006) and that is attributed to the growing HCV incidence (Abdel-Aziz et al., 2000; Khattab et al., 2010) .
Currently, early diagnosis of HCC is the most important step in HCC management. Most imaging techniques help to discover HCC after considerable time of onset of tumor. In most instances, oncologists depend on AFP as the commonest and feasible marker for assessing HCC in addition to imaging. However, AFP is not completely reliable marker in early HCC diagnosis, prevention or therapy due to its low specificity and sensitivity. Liver biopsy is always considered as an invasive procedure, so chemical findings are still greatly appreciated (Makuuchi et al., 2008) .
The ideal hepatic tumor biomarkers should possess high specificity and sensitivity not to be detected in cirrhosis. It should be easily accessible, easily measurable, minimally invasive, inexpensive, accurate, acceptable to patients and physicians (Mendy and Walton, 2009) .
Talin is a large (≈270-kDa) cytoskeletal adaptor protein that is important component of focal adhesion complexes of adherent cells (Critchley, 1999) . It has been shown that Talin-1 overexpression enhanced prostate cancer cell adhesion, migration, and invasion by activating survival signals and conferring resistance to anoikis. ShRNA (short hairpin RNA)-mediated Talin-1 loss led to a significant suppression of prostate cancer cell migration and trans endothelial invasion in vitro and a significant inhibition of prostate cancer metastasis in vivo (Sakamoto et al., 2010) .
However, TLN1 expression in HCC is still controversial. Recently, TLN1 has been identified by differential Tissue Proteome as a novel molecular marker for HCC progression and has revealed that its up regulation is associated with HCC progression showing that it may serve as a prognostic marker (Kanamori et al., 2011) .
On the other hand, Zhang et al. (2011) have proved that TLN1 is down-regulated in HCC liver tissues when compared with adjacent non-cancerous liver tissues or with control liver tissues by immuno-histochemistry and real time PCR.
In our study we found that serum TLN1 levels were significantly higher in the HCC group than in the LC group or in the normal control group. Besides, ROC curve analysis showed AUC for TLN1 higher than that of AFP alone or in combination with TLN1. Hence, TLN1 showed higher sensitivity, specificity, PPV, NPV in HCC differentiation from patients with liver cirrhosis.
Our study agrees with those of Bessa et al. (2010) and Attallah et al. (2011) concerning AFP which showed AUC (AUC 0.71 and 0.7) in predicting HCC in Egyptian population. However our study showed the superiority of serum TLN1 over AFP in diagnosis of HCC.
In conclusion, The present study is the first demonstrating a potential utility of serum TLN1 in early HCC detection by comparing its serum levels with AFP in HCC, LC patients, and control healthy subjects.
Furthermore, it suggests that serum TLN1 levels might serve as a potential candidate biomarker for HCC, with superior diagnostic accuracy than AFP or other routine liver markers at least under the current settings. The ultimate diagnostic utility and implication of serum TLN1 in HCC needs to be validated in other large multicenter cohort studies.
